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}' Robotic Vehicle Power Systems

Must Support Mission Profiles

*Historically, power systems were selected to
demonstrate vehicle capabilities.

eFuture vehicle design must support mission
operational profiles. This requires:

— Knowledge of vehicle power/energy requirements
VS. mission terrain.

— Knowledge of power/energy capabilities of
potential vehicle power systems.

P Mapping power system capabilities to vehicle
mission requirements so the optimal system can be
selected.
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e Power/Energy Requirements:
Test on Hilly Course

Wheeled vehicle
Motocross Track Clockwise (3/8 mile)
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A
%bservations on Vehicle Power/Energy

Requirements:

Vehicle operating conditions are challenging:

e Drive motor requirements dominate power
specifications, requiring up to 10A under high
load conditions.

e Drive current is quite dynamic, varying with
terrain (hills and valleys) and even on level
ground.

« The demand for smaller vehicles and longer
missions puts a premium on high energy density
storage.

Both power and energy considerations are crucial!
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Distribution of Drive Motor Power
Requirements While Driving
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Vehicle Power/Energy Requirements
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Stall power Over 4 orders of magnitude of
266W

power response needed!
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plots display energy density as
function of power density

Ragone Plot

10000
-
g Litt_1i um-i on
E 1000 High-Power gﬁ:tgdr'cal
> Lead Acid ry
)
N Battery
n
c 100
[}
()
—
[} 10
=
o
o

' 62
1 10 100 1000

Energy Density (Wh/kg)

@ Sandia
National
Laboratories



one plot used with a technology
) separate generation and storage
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Fuel Cell Ragone Plot

H-Power 50W
PowerPEM-VC Fuel
Cell

Stack and equipment
weighs 32 times storage.
Storage weighs same

as stack and

equipment

Storage weighs 23
times stack and
equipment
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Operational Ragone plot
for chosen design point

Fuel Cell Ragone Plot
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e '
}' attery chemistries differ
i

their power capabilities

Lithium Primary Cell Ragone Plots
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combustion systems show great

ymise for high energy density

Power Density (W/kg)
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Combustion Systems

MIT Microturbine, MIT Microturbine,
11W @ 6% efficiency 22W @ 12% efficiency

D-STAR 50W Diesel
Personal Power Units,
7% Fuel Efficiency
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Leading Vehicle Power System Options
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i Leading Vehicle Power System Options
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